The rare-earth fluoride borates RE 4 B 4 O 11 F 2 (RE = Eu, Dy) were synthesized in a Walkertype multianvil apparatus from the corresponding rare-earth oxides and fluorides, and boron oxide. 
Introduction
Considering the extensive research on oxoborates under high-pressure/high-temperature conditions in our group in the last decade, it was tempting to extend our investigations into fluoride borates. These compounds, especially "fluoroborate" glasses, have been the subject of much recent work, but crystalline fluorido and fluoride borates have not been that well studied, except for natural minerals with more than two cations. The difference between fluorido borates (old designation: fluoroborates) and fluoride borates lies in the coordination sphere of boron. While borates, that contain only isolated fluorine anions, are generally termed "fluoride borates", "fluorido borates" contain fluorine atoms covalently bound to the boron atoms. Due to the structural similarities of fluoride borates to oxoborates, it is more than likely that numerous new compounds and crystal structures with interesting physical properties can be obtained in the field of fluoride borates under pressure. A summary of the achievements reached so far can be found in [1] .
For the composition RE 4 B 4 O 11 F 2 , two different structure types were obtained by high-pressure/hightemperature synthesis up to now. The recently presented compound La 4 B 4 O 11 F 2 [2] crystallizes in the space group P2 1 /c with the lattice parameters 0932-0776 / 10 / 1200-1439 $ 06.00 c 2010 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com a = 778.1 (2) , b = 3573.3 (7) , c = 765.7(2) pm, and β = 113.92(3)
• (Z = 8). The crystal structure consists of BO 3 groups ( ), which are either isolated ( ), connected via common corners ( ), or connected via a BO 4 tetrahedron, forming a fundamental building block (FBB) 2 : . The fluoride borate Gd 4 B 4 O 11 F 2 discovered earlier shows the same atomic composition, except for a completely different crystal structure in the space group C2/c [3] . In the crystal structure of Gd 4 B 4 O 11 F 2 , there are BO 3 groups and BO 4 tetrahedra, connected via common corners. The structural motif consists of two BO 3 groups ( ) and two BO 4 tetrahedra ( ), and can be described with the fundamental building block 2 2 :
(after Burns et al. [4] ), which represents a novelty in borate chemistry.
Here we report about two new compounds RE 4 3 (Strem Chemicals, 99.9 %) with a molar ratio of 1 : 1 : 3 were ground inside of a glove box and filled into boron nitride crucibles (Henze BNP GmbH, HeBoSint R S100, Kempten, Germany). These crucibles were placed into the center of 18/11-assemblies, which were compressed by eight tungsten carbide cubes (TSM-10 Ceratizit, Reutte, Austria). The details of preparing the assemblies can be found in refs. [5 -9] . Pressure was applied by a multianvil device, based on a Walker-type module and a 1000 ton press (both devices from the company Voggenreiter, Mainleus, Germany 
Crystal structure analyses
Eu 4 B 4 O 11 F 2 was identified by X-ray powder diffraction on a flat sample of the reaction product, using a Stoe Stadi P powder diffractometer with MoK α1 radiation (transmission geometry, Ge monochromator, λ = 70.93 pm). (Table 1 ). The intensity data of single crystals of both Eu 4 B 4 O 11 F 2 and Dy 4 B 4 O 11 F 2 were collected at r. t. by use of a Kappa CCD diffractometer (Bruker AXS / Nonius, Karlsruhe), equipped with a Miracol fiber optics collimator and a Nonius FR590 generator (graphitemonochromatized MoK α radiation, λ = 71.073 pm). Absorption corrections, based on multi-scans, were performed with SCALEPACK [10] . All significant details of the data collections and analyses are listed in Table 1 . For the structural refinement, the positional parameters of the isotypic compound Gd 4 B 4 O 11 F 2 were used as starting values [3] . The parameter refinements (full-matrix least-squares against F 2 ) were achieved by using the SHELX-97 software suite [11, 12] . All atoms were refined with anisotropic atomic displace- Results and Discussion
The structures of RE 4 B 4 O 11 F 2 (RE = Eu, Dy) contain BO 3 groups and BO 4 tetrahedra, connected via common corners (Fig. 2) . The main structural motif consists of two BO 3 groups ( ) and two BO 4 tetrahedra ( ), which can be described with the fundamental building block 2 2 : (after Burns et al. [4] ), a novelty in borate chemistry. For a detailed depiction of the structure, the reader is referred to the description of the isotypic compound Gd 4 B 4 O 11 F 2 [3] . In this paper, a comparison of the three isotypic compounds RE 4 B 4 O 11 F 2 (RE = Eu, Gd, Dy) is given. Table 5 . The difference of the lattice parameters corresponds to the decreasing ionic radii (lanthanoid contraction) of the rare-earth cations. The values for the ionic radius of ninefold coordinated cations are taken from reference [13] : Eu 3+ (126.0 pm), Gd 3+ (124.7 pm), and Dy 3+ (122.3 pm). Because the size differences are not too large, the bond lengths and angles of RE 4 We also calculated the charge distribution of the atoms in RE 4 B 4 O 11 F 2 (RE = Eu, Dy) via bond valence sums (ΣV), using VALIST (Bond Valence Calculation and Listing) [14] and the CHARDI (charge distribution in solids) concept (ΣQ) [15 -17] , verifying the formal valence states in the fluoride borates. Table 6 shows the formal ionic charges, received from the calculations, which correspond to the expected values.
Additionally, we calculated the MAPLE values (Madelung Part of Lattice Energy according to Hoppe [18 -20] [24] ) +2× B 2 O 3 -I (21938 kJ mol −1 [22] ) +2/3× DyF 3 (5797 kJ mol −1 [23] )].
Conclusion
With the synthesis of RE 4 B 4 O 11 F 2 (RE = Eu, Dy), the range of compounds with the composition RE 4 B 4 O 11 F 2 has been extended and explored in more detail. The existence of the isotypic compound "Tb 4 B 4 O 11 F 2 " still missing in the series is very likely; further studies on this phase and the possible formation of RE 4 B 4 O 11 F 2 with RE = Ho-Lu are planned. Additional experiments with the larger rare-earth cations RE = Ce-Nd and Sm will be performed to investigate the transformation into the structure type of La 4 B 4 O 11 F 2 and any polymorphs.
